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(57) ABSTRACT

The object of the invention 1s to provide an active matrix
liquid crystal display device having improved brightness and
higher contrast, and the method for manufacturing the same.
An active matrix liquid crystal display device has on the
upper side and the lower side of the switching element,
arranged 1n matrix, a lower shading layer and an upper
shading layer. Either the lower shading layer or the upper
shading layer 1s, or both the lower and upper shading layers
are, formed to have a convex shape and a sloped portion
protruding toward the switching element.

20 Claims, 11 Drawing Sheets
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

FIELD OF THE INVENTION

The present 1mnvention relates to an active matrix liquid
crystal display device utilizing a switching element such as
a thin film transistor (hereinafter called TFT), and the
method for manufacturing the same, and more specifically,
to a shading means for shading the switching element, and
the method for manufacturing the same.

DESCRIPTION OF THE RELATED ART

Liquid crystal display devices are known for their
advanced characteristics such as being light-weight, having
reduced thickness, and exhibiting low power consumption,
and active research and development i1s performed in the
field. A liquid crystal display comprises “pixel elements”
arranged 1n matrix, which are formed by placing liquid
crystal molecules 1n between transparent electrodes. When
an arbitrary voltage 1s provided between the transparent
clectrodes corresponding to each pixel element, the align-
ment of the liquid crystal molecules 1n the pixel element 1s
changed, and the degree of polarization of the light passing
through the liquid crystal 1s varied, which leads to control-
ling the transmission rate of the light. The liquid crystal
display device 1s divided into two types based on operation
principles, that 1s, the simple matrix type and the active
matrix type. Since the active matrix liquid crystal display
device utilizes active elements, TFTs, switching elements
for mdividual pixel elements, independent signals can be
transmitted to each pixel element, and the device provides
improved resolution and a clear display image.

A TFT utilizing amorphous silicon thin film 1s often used
as the switching element for the active matrix liquid crystal
display device. Moreover, a recently proposed technique
refers to a TFT that utilizes a polysilicon thin film formed
cither by heat treating an amorphous silicon thin film 1n a
temperature over 600° C., or by providing a laser crystalli-
zation in which a pulse laser (such as an excimer laser) is
radiated to the thin film for recrystallization. The polysilicon
thin film 1s advantageous in that i1t has higher mobility
compared to the amorphous silicon thin film, which allows
for not only the switching elements for the pixels but also the
driving circuit for driving the switching elements of the

pixels to be formed on the same substrate using the poly-
silicon TFT.

As mentioned above, the liquid crystal display device
controls the transmission rate of the light passing through
the liquid crystal by changing the degree of polarization of
the light passing through the liquid crystal, but the device
itself 1s not equipped with a light emitting member.
Therefore, a light source of some sort must be provided to
the device. For example, in the case of a transmission-type
liquad crystal display device, a lighting device, a so-called
light, 1s placed on the back side of the liquid crystal display,
and the light transmitted through the device enables 1mages
to be displayed. In the case of a projector, a metal halide
lamp and the like are used as the light source, and 1image 1s
projected by combining the liquid crystal display device
with a lens system. Moreover, 1n case of a retlection-type
display, the incident light provided from the exterior is
reflected by a reflecting electrode 1n order to display an
1mage.

In general, 1f light 1s radiated to a semiconductor, such as
silicon, and light absorption occurs, electrons are excited to
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the conductive band and positive holes are excited to the
valence band, generating electron-hole pairs and causing a
so-called photoelectric effect. The same could be said for the
amorphous silicon thin film or the polysilicon thin film
utilized as the pixel switching elements. By radiating light
thereto, electron-hole pairs are generated in the thin film.
Accordingly, when light 1s radiated to the TFT using either
the amorphous silicon thin film or the polysilicon thin film
as the active layer, photocurrent 1s caused by the electron-
hole pairs, which increases the leak current during the
oif-state of the TFT. This leads to deteriorating the contrast
and the like of the liquid crystal display.

In the case of a reflection-type liquid crystal display
device, the reflecting electrode mainly composed of a metal
film connected to the TFT 1s arranged to cover the TFT, so
that no incident light from the exterior reaches the TFT
directly. Accordingly, TFT leak current 1s prevented from
increasing. However, 1n the case of a transmission-type
liquid crystal display device, the TFT 1s not only exposed
constantly to the strong light from the back light, but some
incident light other than that from the back light also tends
to reach the TFT. Moreover, in the case of projectors, the
light reflected by the lens may reach the TFT. Accordingly,
various 1nvenfions are proposed that aim at preventing
incident light from reaching the TFT.

For example, as shown in FIG. 11, shading film 63 and
shading film 64 are provided above and under the switching
clectrode 62 via insulation layers, in order to block the light
coming from above and under the switching element
(Japanese Patent Apphcatlon Laid-Open Publication No.
58- 159516) This 1s effective 1n reducing leak current, and 1n
improving display characteristics.

According to another proposal, as shown in FIG. 12, in an
adhered SOI substrate, an upper shading layer 66 and a
lower shading layer 67 are provided above and under a
MOSFET 65, 1in order to block the direct incident light
coming from above and under the MOSFET, and to also
block the light reflected by the back surface of the substrate,
thereby effectively preventing an increase of TFT leak
current (Japanese Patent Application Laid-Open Publication

No. 10-293320).

According to yet another proposal, as shown 1n FIG. 13,
by providing a shading film 69 under the switching element
68 and providing a black matrix 70 formed of silicon thin
f1lm and silicide film on the opposing substrate, not only the
direct incident light 1s blocked, but also the reflection of light
within the liquid crystal display device 1s restrained, since
the fine unevenness provided to the surface reduces the

reflection rate and diffuses light (Japanese Patent Applica-
tion Laid-Open Publication No. 10-319435).

According to the above method, shading layers are pro-
vided above and under the TFT so as to prevent incident
light coming 1n from the exterior from reaching the semi-
conductor film or active layer of the TFT, and most of the
incident light fails to reach the semiconductor film.
However, the incident angle of the light coming into the
liquid crystal display device 1s not always perpendicular the
substrate, but has a certain degree of dispersion, and the light
entering the display device may be repeatedly reflected
within the device. When light reaches the TFT according to

these reasons, the light causes problems such as an increase
of TFT leak current.

As shown in FIG. 10(a), light (A) and light (B) are
blocked by the upper shading layer 54 and the lower shading
layer 51, and they will not reach the TFT 55. However, the
oblique incident light (C) coming from the side of upper




US 6,795,143 Bl

3

shading layer 54 is reflected by the lower shading layer 51,
and reaches the TEF'T 55. Moreover, the oblique incident light
(D) coming from the side of upper shading layer 54 side is
reflected by the lower shading layer 51, then retlected by the
upper shading layer 54, before reaching the TFT 3585.
Similarly, the incident light (E) and (F) coming from the side
of lower shading layer 51 also reaches the TFT 35 after
being reflected one or more times. Therefore, according to
the proposal of Japanese Patent Application Laid-Open
Publication No. 58-159516, light traveling as mentioned
above will reach the transistor causing an increase of leak
current.

Moreover, as shown in FIG. 10(b), when the upper
shading layer 60 1s larger than the lower shading layer 57,
the oblique incident light (C), (D) and (G) coming from the
side of upper shading layer 60 1s blocked by the upper
shading layer, but on the other hand the oblique mcident
light (E), (F) and (I) coming from the side of lower shading
layer 57 still reaches the TFT 61, and the oblique mcident
light (H) coming from the side of lower shading layer that
would not have reached the TFT if the upper and lower
shading layers were the same size also reaches the TFT 61
since 1t 1s reflected by the back surface of the upper shading
layer 60. As mentioned above, according to the mnvention
disclosed 1n Japanese Patent Application Laid-Open Publi-
cation No. 10-293320, light traveling as described above
will reach the transistor causing an increase of leak current.

Moreover, according to the method indicated 1n Japanese
Patent Application Laid-Open Publication No. 10-319435,
the light (G) coming in from the side of upper shading layer
54 shown in FIG. 10(a), or the light (I) coming in from the
side of lower shading layer 57 shown in FIG. 10(b) will be
diffused by the fine unevenness of the surface of the shading
layer, and some of the light that would have reached the TFT
if not for the diffusion will be removed effectively. However,
since the direction of light reflected by the uneven surface of
the shading layer 1s random, the light that would have
reached the TFT by the second reflection 1f the surface of the
shading layer were smooth would reach the TFT by a single
reflection. The described arrangement causes some light to
reach the TFT more easily, thereby causing an increase of
leak current, similarly to the other two prior art examples.

As explained above, 1t 1s difficult according to prior art
techniques to prevent incident light traveling obliquely 1nto
the display device from above and under the device from
reaching the TFT. By sufficiently increasing the size of the
upper and lower shading films, it may be possible to reduce
the intensity of the light reaching the TFT reflecting many
times on the upper and lower shading films, by the reflection
rate of the upper and lower shading films and the light
absorption caused by the msulation film between the upper
and lower shading films. However, according to such a
method, the area of the shading films are insufficiently
increased, causing other problems such as reduction of
aperture rate, an important element of liquid crystal displays.
Moreover, the increase of size of the shading films does not
fundamentally prevent light from reaching the TFT.

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

The present i1nvention aims at solving the above-
mentioned problems. The object of the present mnvention 1s
to provide an active matrix liquid crystal display having
improved brightness and high contrast, and the method of
manufacturing the same.
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Means for Solving Problem

The present invention provides an active matrix liquid
crystal display device comprising a liquid crystal cell, a
switching element arranged in matrix, and shading layers
mounted both on the upper side and the lower side of the
switching element; wherein at least one of the upper and
lower shading layers includes a sloped portion and has a
convex shape protruding toward the switching element.

The present invention also provides an active matrix
liquid crystal display device comprising a liquid crystal cell,
a switching element arranged 1n matrix, and shading layers
mounted both on the upper side and the lower side of the
switching element; the upper shading layer including an
upper sloped portion and having a convex shape protruding
toward the switching element, the lower shading layer
having a flat shape: wherein the upper shading layer is
formed so that the upper sloped portion 1s located at a O,
angle to the horizontal direction, and the upper sloped
portion has a horizontal direction length of 1,,; the lower
shading layer 1s formed so that the length from the end of the
lower shading layer to the point that the line drawn down-
ward to the vertical direction from the origin of the upper
sloped portion crosses the lower shading layer 1s 1, ,; and the
maximum 1ncident angle of the incident angle of the light
traveling obliquely from the upper shading layer side 1s o,
the maximum incident angle of the light traveling obliquely
from the lower shading layer side 1s [3,, and the distance
between the upper shading layer and the lower shading layer
is d;, in which 0., 1,; and 1,, each fulfill 6,>p,, 1;;>(1;,+
d,-tan a,)/(1-tan 0,-tan . ), and 1,,>d,-tan f3;.

Moreover, the present invention provides an active matrix
liquid crystal display device comprising a liquid crystal cell,
a switching element arranged 1n matrix, and shading layers
mounted both on the upper side and the lower side of the
switching element; the lower shading layer including a
lower sloped portion and having a convex shape protruding
toward the switching clement, the upper shading layer
having a flat shape: wherein the lower shading layer is
formed so that the lower sloped portion 1s located at a 0,
angle to the horizontal direction, and the lower sloped
portion has a horizontal direction length of 1,,; the upper
shading layer 1s formed so that the length from the end of
said upper shading layer to the point that the line drawn
upward to the vertical direction from the origin of the lower
sloped portion crosses the upper shading layer 1s 1,,; and the
maximum 1ncident angle of the light traveling obliquely
from the lower shading layer side i1s «.,, the maximum
incident angle of the light traveling obliquely from the upper
shading layer side 1s {3,, and the distance between the upper
shading layer and the lower shading layer 1s d,, 1n which 0.,
l,; and L,, each fulfill 0,>fp,, 1,;>(1,,+d,-tan «,)/(1-tan
0,-tan o,), and 1,,>d,-tan f3..

Further, the present invention provides an active matrix
liquid crystal display device comprising a liquid crystal cell,
a switching element arranged 1n matrix, and shading layers
mounted both on the upper side and the lower side of the
switching eclement; the upper and lower shading layers
respectively including an upper sloped portion or a lower
sloped portion, both having a convex shape protruding
toward the switching element, and the lower sloped portion
formed longer than the upper sloped portion: wherein the
upper shading layer 1s formed so that the upper sloped
portion 1s located at a 05, angle to the horizontal direction,
and the upper sloped portion has a horizontal direction
length of 1;,; the lower shading layer 1s formed so that the
lower sloped portion 1s located at a 0, angle to the hori-
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zontal direction, and the lower sloped portion has a hori-
zontal direction length of 1,,; and the maximum incident
angle of the light traveling obliquely from the upper, shading
layer side 1s a5, the maximum incident angle of the light
traveling obliquely from the lower shading layer side 1s [35,
and the distance between the upper shading layer and the
lower shading layer 1s d, in which 05, 0., 1, and 1;, each

fulfill 0,,>P,, 0;,>a,, l;,>tan P;(d;+14,tan 0,,), and
l3,>tan a5-(ds+l5;-tan 05,).

Moreover, the present invention provides an active matrix
liquad crystal display device comprising a liquid crystal cell,
a switching element arranged 1n matrix, and shading layers
mounted both on the upper side and the lower side of the
switching element; the upper and lower shading layers
respectively including an upper sloped portion or a lower
sloped portion, both having a convex shape protruding
toward the switching element, and the upper sloped portion
formed longer than the lower sloped portion: wherein the
lower shading layer 1s formed so that the lower sloped
portion 1s located at a 6,, angle to the horizontal direction,
and the lower sloped portion has a horizontal direction
length of 1,,; the upper shading layer 1s formed so that the
upper sloped portion 1s located at a 0,, angle to the hori-
zontal direction, and the upper sloped portion has a hori-
zontal direction length of 1,,; and the maximum 1ncident
angle of the light traveling obliquely from the lower shading
layer side 1s o, the maximum incident angle of the light
traveling obliquely from the upper shading layer side 1s f3,,
and the distance between the lower shading layer and the
upper shading layer 1s d,, in which 0,,, 0, 1,; and 1, each
fulill 6,,>p,, 0,,>a,, 1,;>tan B,(d,;+1,,-tan 0,,), and
l,,>tan a,-(d,+l,,tan O,,).

According to another aspect of the invention, in the above
liquad crystal display devices, the upper shading layer and
the lower shading layer are each formed of one of the
following: a metal film (Al, Ta, T1, W, Mo, Cr, Ni), a singled
layered film made for example of polysilicon, AlS1, MoSi,,
TaS1,, TiS1,, WS1,, CoSi,, Ni1S1,, PtS1, Pd,S, HIN, ZrN, TiN,
TaN, NbN, TiC, TaC or TiB,, or of a structure formed by
laminating said films.

Even further, the present invention provides a liquid
crystal display device according to the above, wherein either
the upper shading layer or the lower shading layer, or both
said upper and lower shading layers, 1s or are also used for
wiring.

Moreover, the present invention provides a method for
manufacturing the liquid crystal display device according to
any disclosed above, wherein the layer underneath either the
upper shading layer or the lower shading layer 1s formed
using S10,, which 1s 1sotopically etched through HF using a
resist mask, and removed of the mask before either the upper
shading layer or the lower shading layer 1s formed thereon.

Lastly, the present invention provides a method for manu-
facturing the liquid crystal display device according to any
disclosed above, wherein the layer underneath either the
upper shading layer or the lower shading layer 1s formed
using S10,, which 1s 1sotopically dry-etched using a resist
mask, and removed of the mask before either the upper
shading layer or the lower shading layer 1s formed thereon.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an explanatory cross-sectional view around a
switching element 1n the liquid crystal display device of
embodiment 1;

FIG. 2 1s an explanatory view showing the reflection of
the incident light to the switching element of the liquid
crystal display device according to embodiment 1;
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FIG. 3 1s an explanatory view sowing the switching
clement and the sloped portion of a shading layer in the
liquid crystal display device of embodiment 1;

FIG. 4 1s an explanatory view showing the former half of
the steps for manufacturing the switching element and the
like of the liquid crystal display device according to embodi-
ment 1;

FIG. 5 1s an explanatory view showing the latter half of
the steps for manufacturing the switching element and the
like of the liquid crystal display device according to embodi-
ment 1;

FIG. 6 1s an explanatory cross-sectional view around a
switching element 1n a liquid crystal display device accord-
ing to embodiment 2;

FIG. 7 1s an explanatory view showing the steps for

manufacturing the switching element and the like of the
liquid crystal display according to embodiment 2;

FIG. 8 1s an explanatory cross-sectional view showing the
periphery of a switching element 1in a liquid crystal display
device according to embodiment 3;

FIG. 9 1s an explanatory view showing the reflection of
incident light to the switching element of the liquid crystal
display device according to embodiment 3;

FIG. 10 1s an explanatory view showing the incident light
to the switching element 1n the prior art liquid crystal display
device;

FIG. 11 1s an explanatory cross-sectional view around the
switching element according to the liquid crystal display
device of prior art example 1;

FIG. 12 1s an explanatory cross-sectional view around the
switching element according to the liquid crystal display
device of prior art example 2; and

FIG. 13 1s an explanatory cross-sectional view around the
switching element according to the lhiquid crystal display
device of prior art example 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The preferred embodiment of the present invention will
now be explained.

FIGS. 1 through 9 are used to explain the embodiments of
the liquid crystal display device and the method for manu-
facturing the same according to the present mnvention. FIG.
1 1s an explanatory cross-sectional view around a switching
clement 1n the liquid crystal display device of embodiment
1. FIG. 2 1s an explanatory view showing the reflection of
the incident light to the switching element of the liquid
crystal display device according to embodiment 1. FIG. 3 1s
an explanatory view sowing the switching element and the
sloped portion of a shading layer in the liquid crystal display
device of embodiment 1. FIG. 4 1s an explanatory view
showing the former half of the steps for manufacturing the
switching element and the like of the liquid crystal display
device according to embodiment 1. FIG. 5 1s an explanatory
view showing the latter half of the steps for manufacturing
the switching element and the like of the liquid crystal
display device according to embodiment 1. FIG. 6 1s an
explanatory cross-sectional view around a switching ele-
ment 1n a liquid crystal display device according to embodi-
ment 2. FIG. 7 1s an explanatory view showing the steps for
manufacturing the switching element and the like in the
liquid crystal display device of embodiment 2. FIG. 8 1s an
explanatory cross-sectional view around a switching ele-
ment 1n a liquid crystal display device according to embodi-
ment 3. FIG. 9 1s an explanatory view showing the reflection
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of incident light to the switching element of the liquid crystal
display device according to embodiment 3.

Embodiment 1 will now be explained. The present
embodiment will be explained with reference to FIGS. 1
through 3, the direction of alignment of the switching
clements being referred to as the horizontal direction, and
the liquid crystal layer side being referred to as the lower
side. The active matrix liquid crystal display device accord-
ing to the present embodiment comprises a liquid crystal
cell, switching elements arranged in matrix, and so on. The
switching element 100 comprises an insulation film 3, an
active layer 4, a gate msulation film 5, a gate electrode 6, a
source region 7, a drain region 8, a channel region 9, an
interlayer insulation film 10, a contact hole 11 for taking out
the electrodes, a source electrode 12, a drain electrode 13, a
nitride film 14, an oxide film 15, and so on. On the upper
side and the lower side of the switching element 100 are
arranged, as shown in FIG. 1(a), a transparent substrate 1, a
lower shading layer 2, an upper shading layer 18, and so on.
The upper shading layer 18 1s formed to have an upper
sloped portion 181, so as to have a convex shape protruding
toward the switching element. The lower shading layer 2 1s
flat. FIG. 1(b) is an explanatory cross-sectional view taken
in the channel width direction at either the source end or the
drain end of the channel region.

The shading layers 2 and 18 of embodiment 1 will be
explained in detail. As for the upper shading layer 18, the
upper sloped portion 1s located at a 0, angle to the horizontal
direction, and the horizontal direction length of the upper
sloped portion 1s 1,,. As for the lower shading layer 2, the
length from the end of the lower shading layer 2 to the point
that the line drawn downward 1n the vertical direction from
the origin of the upper sloped portion crosses the lower
shading layer 2 1s 1,,. The 1ncident angle of the light
traveling obliquely from the upper shading layer side 1s a,
the maximum incident angle 1s &, the mncident angle of the
light traveling obliquely from the lower shading layer side 1s
3, the maximum incident angle 1s [3,, and the distance
between the upper shading layer and the lower shading layer
1s set as d,. According to the above, the two following
formula must be fulfilled 1n order for the incident light
coming 1n from the lower side to be reflected at the upper

shading layer and to be reflected outward without reaching
the TFT.

(7/2-01—P12)+(2B 1 2+B)=m/2
P12>0

Accordingly, for B, (=0,—)>0 to be true for all B(P=,),
0, must be

0,>B, formula (1-1)
Moreover, as disclosed 1in FIG. 2,
1,514n
1s necessary. Further, since
1,5=(d,+(I;o—1,5)tan 0,)tan B,
therefore
l1o-153=(,,—dtan p)/(1+tan O, tan )
Accordingly, for every B(B=f3,) to be 1,,>1, 4, 1,, must be

[,>>d tan P, formula (1-2)

Moreover, for the oblique incident light coming from the
upper side to not be reflected by the flat lower shading film,
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Since, tan 0,<1 and tan o,<1 1n an ordinary condition,

I,,>(l,+d tan a,)/(1-tan O,-tan o) formula (1-3)

By forming the upper shading film 18 and the lower
shading film 2 of the liquid crystal display device according
to embodiment 1 so as to fuliill all the conditions of formula
(1-1), (1-2) and (1-3), it is possible to prevent the oblique
incident light coming both from the upper direction and the
lower direction from reaching the TFT, while minimizing
the size of the upper shading layer 18 and the lower shading
layer 2.

One example of a method for manufacturing the switch-
ing element and 1ts peripheral portion in the liquid crystal
display device according to embodiment 1 will now be
explained. As shown in FIG. 4(a), on the transparent sub-
strate 1 made of glass or quartz and the like, a shading film
constituting the lower shading layer of the transistor is
deposited by a CVD method or a sputtering method and the
like. Then, the formed film 1s patterned through photo/
etching, 1n order to form the lower shading layer 2. As for
the shading film, material having a light blocking effect is
used, such as a metal film (Al, Ta, Ti, W, Mo, Cr, Ni), a
single layered film made of polysilicon and the like, AlSi,
MoS1,, TaSi1,, TiS1,, WS1,, CoS1,, Ni1S1,, PtS1, Pd,S, HIN,
ZrN, TiN, TaN, NbN, TiC, TaC or TiB,, or of a laminated
structure of these materials.

As shown in FIG. 4(b), an insulation film 3, such as an
S10,, film and the like, 1s deposited on the whole surface.

As shown in FIG. 4(c¢), an active layer 4 of the transistor
1s formed on the isulation film 3. The active layer 1s a
semiconductor body such as S1, Ge, GaAs or Gap, and 1t can
be amorphous, polycrystal, or single crystal. For example, 1n
the case of a polycrystal silicon, generally, an amorphous
silicon thin film 1s deposited on the insulation film 3 to a
thickness of 50 to 150 nm, and thereafter, the thin film i1s
polycrystalized either by treating the same under high tem-
perature or by radiating laser beam thereto. Thereafter,
patterning 1s performed to the film through photo/etching, in
order to obtain an active layer 4 having a desired shape.
Further, impurity 1on implantation may be performed 1in
order to control the threshold voltage.

Then, as shown in FIG. 4(d), a gate insulation film 5 is
formed on the active layer 4. The gate msulation film can be
formed by CVD, by oxidation, or by both. Next, a gate
clectrode 6 1s formed on the gate insulation film.

Next, as shown in FIG. 4(¢e), impurity ion implantation 1s
performed using the gate electrode as the mask, 1n order to
form a source region 7 and a drain region 8. The region to
which 1on 1implantation is not performed becomes the chan-
nel region 9.

Then, as shown in FIG. 4(f), insulation film is deposited
on the whole surface, thereby forming an interlayer insula-
tion film 10. Next, contact holes 11 are formed over the
source region 7 and the drain region 8 for taking out
electrodes. Then, a source electrode 12 and a drain electrode
13 made of metal material such as Al 1s formed.

Thereafter, as shown in FIG. 5(g), a nitride film 14 and an
oxide film 15 1s deposited on the whole surface 1n order to
create a passivation film. Then, hydrogenation process 1is
performed. Next, etch back or CMP and the like 1s per-
formed to form a flat surface.

Next, as shown in FIG. 5(%), wet etching 1s performed
through HF and the like, using resist 16 as the mask. Since
wet etching 1s an 1sotropic etching, the etching spreads wider
than the opening portion 17 of the resist 16, and forms a
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shape as shown 1n FIG. 5(%). Accordingly, the position of the
resist mask and the size of the opening of the resist 16 are
to be formed based on the 1dea disclosed 1n the “summary
(means to solve the problem)”. Moreover, the process accu-
racy of the photolithography and the etching and the align-
ment accuracy of the resist to the lower shading layer and the
TFT active layer should be considered when forming the
resist 16. Dry etching using gas such as CF, or CF,+CHF;
could be performed instead of the wet etching.

Next, as shown in FIG. 5(i), after removing the resist 16,
the shading film constituting the upper shading layer of the
transistor 1s deposited through a CVD method or a sputtering
method and the like. The shading film 1s patterned through
photo/etching so that the oblique 1ncident light coming from
the upper shading layer side will not be retflected by the
lower shading film, thereby creating an upper shading film
18. As mentioned, various materials can be used to manu-
facture the shading film.

After that, an msulation film not shown 1s formed, and a
contact hole 1s formed on the insulation film. Then, a
transparent electrode such as ITO 1s electrically connected to
the drain electrode 13. Then, upper and lower shading layers
are further formed in the channel width direction. Thereby,
the mncident light coming from the upper and lower sides are
prevented from reaching the TFT.

Embodiment 2 will now be explained. The explanatory
cross-sectional of the switching element 100 and the periph-
eral thereof 1n the liquid crystal display device according to
embodiment 2 1s shown 1n FIG. 6. Similar to embodiment 1
(FIG. 1), the switching element 100 comprises a transparent
substrate 1, a lower shading layer 20, an msulation film 21,
an active layer 22, a gate insulation film 23, a gate electrode
24, a source region 25, a drain region 26, a channel region
27, an 1nterlayer msulation film 28, a contact hole 29 for
taking out the electrodes, a source electrode 30, a drain
clectrode 31, a nitride film 32, an oxide film 33, an upper
shading layer 34, and so on. Upper and lower shading layers
20 and 34 arc positioned above and under the switching,
clement 100 arranged in matrix. The difference from
embodiment 1 1s that according to embodiment 2, the
shading layer 20 including a sloped portion 201 and having
a conveXx shape protruding toward the switching element 100
1s placed under the switching element.

As for the lower shading layer 20, the lower sloped
portion 201 1s located at a O, angle to the horizontal
direction, and the horizontal direction length of the lower
sloped portion 1s 1,,. As for the upper shading layer 34, the
length from the end of the upper shading layer 34 to the point
that the line drawn upward 1n the vertical direction from the
origin of the lower sloped portion 201 crosses the upper
shading layer 34 1s 1,,. The maximum incident angle of the
light traveling obliquely from the lower shading layer 20
side 1s c.,, the 1incident angle of the light traveling obliquely
from the upper shading layer 34 side 1s 3, the maximum
incident angle 1s [3,, and the distance between the upper
shading layer 34 and the lower shading layer 20 1s set as d,.
According to the above, 0., 1,, and 1., are each set as

0,>[, formula (2-1)

[,.>(l,,+d,tan a,)/(1-tan O,-tan a,) formula (2-2)

[,,>dytan B, formula (2-3)

Similar to embodiment 1, by forming the upper shading
f1lm 34 and the lower shading film 20 of the liquid crystal
display device according to embodiment 2 to fulfill all the

conditions of formula (2-1), (2-2) and (2-3), it is possible to
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form a liquid crystal display device capable of preventing
the oblique imcident light coming both from the upper
direction and the lower direction from reaching the TFT,
while minimizing the size of the upper shading layer 34 and
the lower shading layer 20.

One example of the method for manufacturing the liquid
crystal display device according to embodiment 2 will be
explained with reference to FIG. 7. As shown in FIG. 7(a),
wet etching 1s performed through HF and the like, using
resist 19 as the mask. Since wet etching 1s an 1sotropic
ctching, 1t forms the sloped portion 201 of the lower shading
layer 20. The resist 19 1s designed taking 1nto consideration
the process accuracy of the photolithography and the
ctching, and the alignment accuracy of the resist to the upper
shading layer 34 and the TFT active layer 22. Moreover, dry
etching using gas such as CF, or CF,+CHF, and the like
could be performed instead of the wet etching.

Next, as shown in FIG. 7(b), after removing the resist 19,
the shading film constituting the lower shading layer 20 of
the transistor 1s deposited through a CVD method or a
sputtering method and the like. The shading film 1s then
patterned through photo/etching so that the oblique incident
light coming from the lower shading layer 20 side will not
be reflected by an upper shading film 34 formed in the latter
step, thereby creating the lower shading film 20. As men-
tioned 1n embodiment 1, various materials can be used to
manufacture the shading film.

After that, an msulation film 21 made of S10, film and the
like 1s formed on the whole surface, similar to embodiment
1, and an active layer 22 of the transistor 1s formed on the
insulation film 21. The method for forming the active layer
1s the same as that of embodiment 1. Then, the layer is
patterned by photo/etching, 1n order to obtain the active
layer 22 having the desired form. If necessary, an 1impurity
ion implantation may be performed at this stage for con-
trolling the threshold voltage. Next, a gate insulation film 23
1s formed on the active layer 22. The gate 1nsulation film 1s
either formed by CVD, by oxidation, or by the combination
of both. Next, a gate electrode 24 1s formed on the gate
insulation film.

Next, impurity 1on implantation 1s performed using the
gate electrode as the mask, 1n order to form a source region
25 and a drain region 26. The region to which 1on implan-
tation 1s not performed becomes the channel region 27.

Then, insulation film 1s deposited on the whole surface, 1n
order to form an interlayer mnsulation film 28. Next, contact
holes 29 are formed over the source region 25 and the drain
region 26 for taking out electrodes. Then, a source electrode
30 and a drain electrode 31 made of metal material such as
Al 1s formed.

Thereafter, a nitride film 32 and an oxide film 33 is
deposited on the whole surface 1in order to create a passi-
vation film. Then, hydrogenation process i1s performed.
Next, etch back or CMP and the like 1s performed to flatten
the surface.

A shading film constituting the upper shading layer 34 of
the transistor 1s deposited by a CVD method or a sputtering
method and the like. Then, the formed film 1s patterned
through photo/etching 1n order to form the upper shading
layer 34. The shading film 1s formed using material having
a light blocking effect, such as a metal film (Ta, Ti, W, Mo,
Cr, Ni), a single layered film made of polysilicon, MoSi,,
TaS1,, WS1,, CoS1,, NiS1,, PtS1, Pd,S, HIN, ZrN, TiN, TaN,
NbN, TiC, TaC or TiB,, or of a combination of these
materials.

Thereafter, an insulation film 28 not shown 1s formed,
followed by a contact hole 29 formed on the mnsulating film.
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A transparent electrode such as I'TO 1s electrically connected
to the drain electrode 31. The above method realizes a liquid
crystal display device that 1s capable of preventing incident
light coming from upper and lower directions from reaching
the TFT.

Embodiment 3 will now be explained. The switching
clement of the liquid crystal display device according to the
present 1n embodiment characterizes in that both the upper
shading layer and the lower shading layer have sloped
portions. The embodiment 1s explained with reference to
FIG. 8. FIG. 8 shows an example where the ends of the
upper and lower shading films are aligned. As for the upper
shading layer 49, the upper sloped portion 491 1s located at
a 0,, angle to the horizontal direction, and the horizontal
direction length of the upper sloped portion 1s 1;,. As for the
lower shading layer 35, the lower sloped portion 351 1is
located at a 05, angle to the horizontal direction, and the
horizontal direction length of the lower sloped portion 351
1s 1;,. The maximum incident angle of the light traveling
obliquely from the upper shading layer 49 side 1s a5, the
maximum 1ncident angle of the incident light traveling
obliquely from the lower shading layer 35 side 1s [35, and the
distance between the upper shading layer 49 and the lower
shading layer 35 1s set as d,. According to the above, the two
following formula must be fulfilled 1n order for the mncident
light coming 1n from the lower side to be reflected by the

upper shading layer 49 and to be reflected outward without
reaching the TFT.

(3/2-051)+(2P32+B)=m/2
P3,>0

Accordingly, for P;,(=05,-p)>0 to be true for all
B(BEBB): 631 must be

v formula (3-1)

Moreover, 1t 1s necessary for 1,5 to be 1;5<l;,. Therefore,
[i3=(d5+l5;tan 05,+(l5;-15;3)tan 05, ) tan f
and

[, >tan Par(ds+l;5tan 055) formula (3-2)

Similarly, 1n order for the oblique incident light coming from
the upper area to be reflected by the lower shading layer 35
and to not reach the TFT but to reflect outward, the angle 0,

of the lower sloped portion 351 of the lower shading layer
35 must be

05,>0 formula (3-3)

Moreover, it 1s necessary for 1, to be 1,,<l,,. Therefore,

Lo ran o3 A3tz tan O54) formula (3-4)

By forming the upper shading layer 49 and the lower
shading layer 35 of the liquid crystal display device to fulfill
all the conditions of formula (3-1), (3-2), (3-3) and (3-4), it
1s possible to prevent the oblique incident light coming both
from the upper direction and the lower direction from
reaching the TFT, while minimizing the size of the upper
shading layer 49 and the lower shading layer 335.

The method for manufacturing the liquid crystal display
device according to embodiment 3 1s realized by combining
the methods of embodiment 1 and embodiment 2.

According to embodiment 3, shading layers 49 and 35 of
the active matrix liquid crystal display device are respec-
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tively mounted on the upper and lower areas of the switching
clement arranged 1n matrix. The upper shading layer 49 and
the lower shading layer 35 are each equipped with an upper
sloped portion 491 or a lower sloped portion 351, and are
cach formed to protrude toward the switching element 100,
with the lower sloped portion 351 formed longer than the
upper sloped portion 491. However, according to another
example, the active matrix liquid crystal display device may
include an upper sloped portion that 1s longer than the lower
sloped portion. According to such example, as for the lower
shading layer, the lower sloped portion 1s located at a 0,
angle to the horizontal direction, and the horizontal direction
length of the lower sloped portion 1s 1,,. As for the upper
shading layer, the upper sloped portion 1s located at a 0,
angle to the horizontal direction, and the horizontal direction
length of the lower sloped portion 1s 1,,. The maximum
incident angle of the light traveling obliquely from the lower
shading layer side 1s a,, the maximum incident angle of the
light traveling obliquely from the upper shading layer side 1s
3.4, and the distance between the upper shading layer and the
lower shading layer 1s set as d,. According to the above, 0,
04, 141 and 1, are each set as

0,.>P, formula (4-1)

0,,>0, formula (4-2)

[, >tan P, (d,+1,,tan O,,) formula (4-3)

[,o>tan o, (d,+1,,tan 0,,) formula (4-4)

By forming the upper shading layer and the lower shading
layer of the liquid crystal display device so that they fulfill
all the conditions of formula (4-1), (4-2), (4-3) and (4-4), it
1s possible to form an active matrix liquid crystal display an
device capable of preventing the oblique incident light
coming both from the upper direction and the lower direc-
tion from reaching the TF'T, while minimizing the size of the
upper shading layer and the lower shading layer.

Moreover, the upper shading layer and the lower shading,
layer according to the embodiments could be further utilized
as a wiring layer to which are formed source electrodes and
drain electrodes. Further, each embodiment can be applied to
a switching element of a TFT having an LDD structure, or
to an active element having switching functions such as
MIM.

As explained, the active matrix liquid crystal display
according to the present embodiment 1s formed so that either
one of or both the upper and lower shading layers have or
has a sloped portion so that the layer 1s formed 1n a convex
shape protruding toward the switching element. By provid-
ing such shading layer or shading layers to the active matrix
liquid crystal display device, light i1s basically blocked
before reaching the switching element. The off-
characteristic of the switching element 1s improved accord-
ing to the mvention, which contributes to realizing a brighter
and higher contrast display.

Moreover, by specifying the size and the angle of the
sloped portions of the upper and lower shading layers, the
incident light from the upper or lower shading layer side 1s
prevented from reaching the TFT. According to the
invention, leak current of the TFT 1s reduced, and a good
liquid crystal characteristic 1s obtained. Even further, since
the size (area) of the shading layers is minimized, the
aperture rate 1s increased.

The active matrix liquid crystal display device according
to the present embodiments comprises upper and lower
shading layers formed of a metal film (Al Ta, Ti, W, Mo, Cr,

Ni), a single layered film made of polysilicon, AlSi, MoSi,,
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TaS1,, TiS1,, WS1,, CoS1,, Ni1S1,, PtS1, Pd,S, HIN, ZrN, TiN,
TaN, NbN, TiC, TaC or TiB,, or a laminated structure
formed of these materials. Accordingly, the shading layers
provide high light blocking effect, which leads to improving,
the TFT characteristics.

The active matrix liquid crystal display device according
to the embodiment utilizes at least either the upper or the
lower shading layer as a wiring layer. This feature contrib-
utes to simplifying the manufacture steps and to reducing the
manufacturing cost.

According to an embodiment of the active matrix liquid
crystal display device, the layer underneath the upper shad-
ing layer or the lower shading layer 1s formed by Si10.,
which 1s etched 1sotropically through HF using a resist mask,
the upper or lower shading layer being formed on this layer
after removing the resist. This enables the sloped portion of
the shading layer to be formed relatively easily with good
control and good repeatability. Moreover, by proper selec-
tion of the agent for the etching, the resist mask material, and
the material of the layer underneath the shading layer being
etched, a shading layer including a sloped portion having the
desired angle can be formed.

According to another embodiment of the active matrix
liquad crystal display device, the layer underneath the upper
shading layer or the lower shading layer 1s formed by S10.,,
which 1s dry-etched 1sotropically using a resist mask, the
upper or lower shading layer being formed on this layer after
removing the resist. This enables the sloped portion of the
shading layer to be formed relatively easily with good
control and good repeatability. Moreover, by proper selec-
tion of the gas material and the gas pressure for etching, a
shading layer including a sloped portion having a desired
angle can be formed.

In general, the dispersion of the incident light (the light
provided from the light source to the liquid crystal display
device) is £15 degrees at maximum, and the dispersion of
the reflected light (the light that once passed through the
liquid crystal display device being reflected at the back
surface of the glass substrate or the surface of the lens
system and returning to the display device) is +20 degrees at
maximum. Therefore, the angle of the sloped portion of the
upper shading layer 1s approximately 20 degrees at
maximum, and the angle of the sloped portion of the lower
shading layer 1s approximately 15 degrees at maximum.

Effect of the Invention

The present mvention enables to provide an active matrix
liquid crystal display having improved brightness and higher
contrast, and the method for manufacturing the same.

What 1s claimed 1s:

1. An active matrix liquid crystal display device compris-
ing a liquid crystal cell, a switching element arranged in
matrix, and shading layers mounted both on the upper side
and the lower side of said switching element; the upper
shading layer including an upper sloped portion and having
a convex shape protruding toward said switching element,
the lower shading layer having a flat shape: wherein

said upper shading layer 1s formed so that said upper
sloped portion 1s located at a 0, angle to the horizontal
direction, and said upper sloped portion has a horizon-
tal direction length of 1,,; said lower shading layer 1s
formed so that the length from the end of said lower
shading layer to the point that the line drawn downward
to the vertical direction from the origin of said upper
sloped portion crosses said lower shading layer 1s 1,,;
and the maximum incident angle of the light traveling
obliquely from the upper shading layer side 1s a,, the
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maximum 1ncident angle of the light traveling
obliquely from the lower shading layer side 1s 3, and
the distance between the upper shading layer and the

lower shading layer 1s d;
in which 01, 1,, and 1,, each fulfill

01>p,,
1,4>(1,+d tan a,)/(1-tan 0,-tan @), and
1,,>dtan f3,.

2. An active matrix liquid crystal display device compris-
ing a liquid crystal cell, a switching element arranged 1n
matrix, and shading layers mounted both on the upper side
and the lower side of said switching element; the lower
shading layer 1including a lower sloped portion and having a
convex shape protruding toward said switching element, the
upper shading layer having a flat shape: wherein

said lower shading layer 1s formed so that said lower
sloped portion 1s located at a 0, angle to the horizontal
direction, and said lower sloped portion has a horizon-
tal direction length of 1,,; said upper shading layer 1s
formed so that the length from the end of said upper
shading layer to the point that the line drawn upward to
the vertical direction from the origin of said lower
sloped portion crosses said upper shading layer 1s 1,,;
and the maximum incident angle of the light traveling,
obliquely from the lower shading layer side 1s a.,, the
maximum 1ncident angle of the light traveling
obliquely from the upper shading layer side 1s f3,,, and
the distance between the upper shading layer and the

lower shading layer 1s d,;
in which 0,, 1,, and 1,, each tulfill

GE}I?)E:
151>(155+d5tan @,)/(1-tan 6,-tan @), and

1,,>dtan P,.

3. An active matrix liquid crystal display device compris-
ing a liquid crystal cell, a switching element arranged 1n
matrix, and shading layers mounted both on the upper side
and the lower side of said switching element; the upper and
lower shading layers respectively including an upper sloped
portion or a lower sloped portion, both having a convex
shape protruding toward said switching element, and said
lower sloped portion formed longer than said upper sloped
portion: wherein

said upper shading layer 1s formed so that said upper
sloped portion 1s located at a 0, angle to the horizontal
direction, and said upper sloped portion has a horizon-
tal direction length of 1,,; said lower shading layer 1s
formed so that said lower sloped portion 1s located at a
0,, angle to the horizontal direction, and said lower
sloped portion has a horizontal direction length of 1,;
and the maximum incident angle of the light traveling,
obliquely from the upper shading layer side 1s a;, the
maximum 1ncident angle of the light traveling
obliquely from the lower shading layer side 1s 35, and
the distance between the upper shading layer and the
lower shading layer 1s d;

in which 0., 0., 15, and 15, each fulfill

051>P5,
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15->tan ay(ds+15; tan 05,).

4. An active matrix liquid crystal display device compris-
ing a liquid crystal cell, a switching element arranged in
matrix, and shading layers mounted both on the upper side
and the lower side of said switching element; the upper and
lower shading layers respectively including an upper sloped
portion or a lower sloped portion, both having a convex
shape protruding toward said switching element, and said
upper sloped portion formed longer than said lower sloped
portion: wherein

said lower shading layer 1s formed so that said lower
sloped portion 1s located at a 0,, angle to the horizontal
direction, and said lower sloped portion has a horizon-
tal direction length of 1,,; said upper shading layer 1s
formed so that said upper sloped portion 1s located at a
0,, angle to the horizontal direction, and said upper
sloped portion has a horizontal direction length of 1,,;
and the maximum incident angle of the light traveling
obliquely from the lower shading layer side 1s a.,, the
maximum 1ncident angle of the light traveling
obliquely from the upper shading layer side 1s f3,, and
the distance between the lower shading layer and the
upper shading layer 1s d;

in which 0,,, 0,,,1,, and 1,, each fulfill

0,41>Pa
0,>0,,
1,,>tan P,-(d,+1,,tan 6,,), and

5. The liquid crystal display device according to claim 1,
wherein

said upper shading layer and said lower shading layer are

cach formed of one of the following: a metal film (Al,
Ta, Ti, W, Mo, Cr, Ni), a single layered film made of

polysilicon and the like, AlS1i, MoSi1,, TaSi1,, TiS1,,
WS1,, CoSL,, Ni1S1,, PtS1, Pd,S, HIN, ZrN, TiN, TaN,
NbN, Ti1C, TaC or TiB,, or of a structure formed by
laminating said films.
6. The liquid crystal display device according to claim 1,
wherein

cither said upper shading layer or said lower shading layer
or both said upper and lower shading layers 1s or are
also used for wiring.
7. A method for manufacturing the liquid crystal display
device according to claim 1, wherein

the layer underneath either the upper shading layer or the
lower shading layer 1s formed using Si10,, which 1s
1sotopically etched through HF using a resist mask, and
removed of said mask before either the upper shading
layer or the lower shading layer 1s formed thereon.

8. A method for manufacturing the liquid crystal display
device according to claim 1, wherein the layer underneath
cither the upper shading layer or the lower shading layer 1s
formed using S10,, which 1s 1sotopically dry-etched using a
resist mask, and removed of said mask before either the
upper shading layer or the lower shading layer 1s formed
thereon.

9. The liquad crystal display device according to claim 2,
wherein

said upper shading layer and said lower shading layer are

cach formed of one of the following: a metal film (Al,
Ta, Ti, W, Mo, Cr, Ni), a single layered film made of

polysilicon and the like, AlS1i, MoSi1,, TaSi1,, TiS1,,
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WS1,, CoS1,, Ni1S1,, PtS1, Pd,S, HIN, ZrN, TiN, TaN,
NbN, TiC, TaC or TiB,, or of a structure formed by
laminating said films.

10. The liquid crystal display device according to claim 2,
wherein

cither said upper shading layer or said lower shading layer
or both said upper and lower shading layers 1s or are
also used for wiring.
11. A method for manufacturing the liquid crystal display
device according to claim 2, wherein

the layer underneath either the upper shading layer or the
lower shading layer i1s formed using S10.,, which 1is
1sotopically etched through HF using a resist mask, and
removed of said mask before either the upper shading
layer or the lower shading layer 1s formed thereon.
12. A method for manufacturing the liquid crystal display
device according to claim 2, wherein the layer underneath
cither the upper shading layer or the lower shading layer 1s
formed using S10,, which 1s 1sotopically dry-etched using a
resist mask, and removed of said mask before either the
upper shading layer or the lower shading layer 1s formed
thereon.
13. The liquid crystal display device according to claim 3,
whereln

said upper shading layer and said lower shading layer are

cach formed of one of the following: a metal film (Al,
Ta, Ti, W, Mo, Cr, Ni), a single layered film made of

polysilicon and the like, AlS1, MoSi1,, TaS1,, TiSi,,
WS1,, CoSi1,, Ni1S1,, PtS1, Pd,S, HIN, ZrN, TiN, TaN,
NbN, TiC, TaC or TiB,, or of a structure formed by
laminating said films.
14. The liquid crystal display device according to claim 3,
wherein

cither said upper shading layer or said lower shading layer
or both said upper and lower shading layers 1s or are
also used for wiring.
15. Amethod for manufacturing the liquid crystal display
device according to claim 3, wherein

the layer underneath either the upper shading layer or the
lower shading layer 1s formed using Si10,, which 1s
1sotopically etched through HF using a resist mask, and
removed of said mask before either the upper shading
layer or the lower shading layer 1s formed thereon.
16. A method for manufacturing the liquid crystal display
device according to claim 3, wherein the layer underneath
either the upper shading layer or the lower shading layer 1s
formed using S10,, which 1s 1sotopically dry-etched using a
resist mask, and removed of said mask before either the
upper shading layer or the lower shading layer 1s formed
thereon.
17. The liquid crystal display device according to claim 4,
wherein

said upper shading layer and said lower shading layer are

cach formed of one of the following: a metal film (Al,
Ta, Ti, W, Mo, Cr, Ni), a single layered film made of

polysilicon and the like, AlS1, MoSi1,, TaSi1,, TiS1,,
WS1,, CoS1,, NiS1,, PtS1, Pd,S, HIN, ZrN, TN, TaN,
NbN, TiC, TaC or TiB,, or of a structure formed by

laminating said films.
18. The liquid crystal display device according to claim 4,
whereln

either said upper shading layer or said lower shading layer
or both said upper and lower shading layers 1s or are

also used for wiring.
19. A method for manufacturing the liquid crystal display

device according to claim 4, wherein
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the layer underneath either the upper shading layer or the

lower shading layer i1s formed using S10,, which 1s

1sotopically etched through HF using a resist mask, and

removed of said mask before either the upper shading
layer or the lower shading layer 1s formed thereon.

20. A method for manufacturing the liquid crystal display

device according to claim 4, wherein the layer underneath

138

cither the upper shading layer or the lower shading layer 1s
formed using S10,, which 1s 1sotopically dry-etched using a
resist mask, and removed of said mask before either the
upper shading layer or the lower shading layer 1s formed

5 thereon.
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